Background: Only few studies have assessed the relative impact of prenatal and postnatal exposure to tobacco smoke on the child's later asthma or chronic respiratory symptoms and to our knowledge no studies have elaborated respiratory infections and allergies in this context.
Background
There is strong evidence that maternal smoking during pregnancy is harmful to fetal development. Tobacco smoke constituents pass placenta and reduce intrauterine fetal growth and increases the risk of preterm delivery [1] . There is also accumulating evidence that maternal smoking in pregnancy may influence the fetal development of respiratory system, suggested by findings of a relation between maternal smoking in pregnancy and lung function impairment in newborns [2] [3] [4] [5] [6] [7] . Based on a recent review, there is strong evidence that exposure to environmental tobacco smoke (ETS) in childhood causes chronic respiratory symptoms, such as cough, phlegm, and wheezing, susceptibility to lower respiratory infections and to acute and recurrent otitis media, and that it has a causal role in childhood asthma [8] . Evidence of the effects of ETS exposure on allergies is inconsistent [8] . There is also evidence that maternal smoking in pregnancy increase the risk of asthma [8] [9] [10] [11] and wheezing [11, 12] in childhood. Only few studies have assessed the relative impact of prenatal and postnatal exposure to tobacco smoke on the child's later asthma or chronic respiratory symptoms [10, 12] , and to our knowledge no studies have elaborated respiratory infections and allergies in this context.
We assessed the independent and joint effects of prenatal and postnatal exposure to tobacco smoke on the risk of asthma and other respiratory problems at school age in a study of Russian school children in 9 cities. We also elaborated whether the effect of smoking in pregnancy on respiratory problems is mainly mediated through reduced fetal growth and duration of pregnancy.
Methods

Study design and population
We conducted a cross-sectional study, which was designed to assess the effects of air pollution on children's respiratory health. The study population was recruited through primary schools located in the vicinity of air pollution monitoring stations in 12 areas in 9 Russian cities in the Middle Urals and Upper Volga regions [13] . One school from each area was selected. The study population comprised 5951 2-5 th graders aged 8 to 12 years. The response rate in schools varied from 96% to 98%. The questionnaire, modified from previous European and North American questionnaires for the Russian conditions [14] [15] [16] , inquired about the child's personal characteristics, health information, and socioeconomic factors. Local elementary school teachers were trained to instruct the parents about filling out the questionnaires, and parents and guardians were invited to meetings after the school day. After signing an informed consent, a parent completed the questionnaire.
Health outcomes
The main health outcomes were asthma (ever, current), allergies (any, respiratory), chronic respiratory symptoms (wheezing, cough, phlegm), chronic bronchitis (doctor diagnosed ever, current) and upper respiratory infections (any, severe). In addition we constructed a composite variable called "asthma-like symptoms". These are defined in detail in Table 1 .
Exposure assessment
Exposure assessment was based on questionnaire information on maternal smoking during pregnancy (prenatal exposure), exposure to tobacco smoke during the first two years of life (early-life exposure), after the age of 2, and at the time of the survey (current exposure). Table 2 shows the definitions of the exposure parameters and the prevalences of exposure in the study population.
Statistical methods
We estimated the prevalences (%) of the respiratory outcomes and exposure with 95 % confidence intervals based on the binomial distribution. Odds ratio was the measure of effect. We used logistic regression analysis to estimate adjusted odds ratios for the relations between exposure to tobacco smoke, and pregnancy and respiratory outcomes. The basic adjustment was made using the following core covariates: study area, age, gender, mother's education (low, medium, high), and parental asthma. We fitted also income, furry pets and sharing a bedroom as covariates, but excluded them if they changed the studied estimates less than 10%. Additional adjustment was made for low birth weight and preterm delivery when studying the relations between maternal smoking and respiratory outcomes. Maternal smoking was included as an additional covariate when studying the relations of low birth weight and preterm delivery to respiratory outcomes. Table 3 describes the characteristic of the study population according to exposure to tobacco smoke. The age and sex distributions were similar among the exposed and the reference group, but the exposed were more likely to have mother with low education, to be born prematurely, have lower birth weight, and to be exposed to furry or feathery pets.
Results
Study population
Maternal smoking in pregnancy and the risk of adverse pregnancy outcomes Only 4.3% of the mothers reported having smoked during pregnancy. Maternal smoking was a determinant of both preterm delivery and low birth weight. The risk of low birth weight was higher among newborns of smoking women compared to those of non-smokers with an adjusted odds ratio of 1.34 (95% CI 0.82-2.18). The cor-responding effect estimate for preterm delivery was 1.85 (95% CI 1.30-2.68).
Fetal growth, preterm delivery and the risk of respiratory outcomes Both preterm delivery and low birth weight increased the risk of asthma and asthma-like symptoms, chronic respiratory symptoms, and doctor-diagnosed bronchitis, as shown in Table 4 . The risk of severe upper respiratory infections was related to preterm delivery (adjusted OR 1.21, 95% CI 0.99-1.48), but not to low birth weight (adjusted OR 1.01, 95% CI 0.79-1.30). The risk of allergies was not related to preterm delivery, but interestingly the risk of any allergy was significantly lower among children with low birth weight (adjusted OR 0.78, 95% CI 0.61-0.99). Table 5 shows the relations between prenatal, early-life, after 2 years of age, and current exposures and the risk of various health outcomes. The effect estimates are displayed adjusted for the core covariates and further for preterm delivery and low birth weight.
Prenatal and postnatal exposure and the risk of respiratory outcomes
Maternal smoking during pregnancy had a strong consistent effect on the risk of doctor-diagnosed asthma (ever: adjusted OR 2.46, 95% CI 1.19-5.08), asthma-like symptoms (adjusted OR 1.39 95% CI 0.93-2.08), current wheezing (adjusted OR 1.30, 95% CI 0.90-1.89), cough (adjusted OR 1.54, 95% CI 1.14-2.08) and doctor diagnosed bronchitis (ever: adjusted OR 1.45, 95% CI 1.08-1.96). The occurrence of phlegm, upper respiratory infec- tions and allergy were not related to maternal smoking in pregnancy.
The effect estimates of early-life exposure for asthma and asthma like symptoms were lower than corresponding estimates for maternal smoking in pregnancy, varying from 1.04 to 1.38. The effect estimates of current asthma (adjusted OR 1.35, 95% CI 0.86-2.15), asthma ever (adjusted OR 1.38, 95% CI 0.93-2.06) and current wheezing (adjusted OR 1.15, 95% CI 1.01-1.38) were elevated, although not reaching statistical significance. That of asthma-like symptoms (adjusted OR 1.26, 95% CI 1.05-1.51) was statistically significant. Adjustment for preterm delivery and low birth weight did not alter the effect estimates. The risk of cough (ever: adjusted OR 1.34, 95% CI 1.18-1.52), doctor diagnosed bronchitis (adjusted OR 1.27, 95% CI 1.12-1.44), upper respiratory infections (adjusted OR 1.25, 95% CI 1.09-1.42) as well as allergies (any: adjusted OR 1.26, 95% CI 1.13-1.42; respiratory: adjusted OR 1.20, 95% CI 0.99-1.47) were also related to early-life exposure to ETS. The effect estimates for exposure after 2 years of age were similar to those of early-life exposure.
The risk of asthma, asthma like symptoms, wheezing, and upper respiratory infections were not related to current exposure to ETS, but the effect estimates for cough (any adjusted OR 1.33, 95% CI 1.17-1.51) and doctor diagnosed bronchitis (adjusted OR 1.09, 95% CI 0.96-1.24) as well as any allergy (adjusted OR 1.11, 95% CI 0.99-1.25) were elevated. Table 6 compares the effects of prenatal exposure only, postnatal exposure only and both prenatal and postnatal exposure. In general the effect of experiencing both prenatal and postnatal exposure was stronger than the effect of postnatal exposure only. There were only 10 individuals who were exposed only during pregnancy and therefore the estimates are either not available or with wide confidence intervals. Therefore the comparison of independent effects of prenatal and postnatal exposures was possible for only few outcomes. The effects of prenatal exposure appeared to be stronger for asthma like symptoms and bronchitis.
Discussion
Our population-based epidemiologic study in nine Russian cities shows the harmful effects of fetal and early-life exposure to tobacco smoke products. Prenatal exposure due to maternal smoking had the strongest effects on asthma, chronic bronchitis and respiratory symptoms. The associations were weaker for exposure during earlylife and after 2 years of age and weakest or non-existent for current exposure. Upper respiratory infections were associated more strongly with early-life exposure than with prenatal exposure. The risk of allergies was also weakly related to both prenatal and postnatal exposure to tobacco smoke. Although maternal smoking was, as expected, a strong determinant of preterm delivery and low birth weight, and these adverse pregnancy outcomes were strong predictors of asthma and other respiratory problems, adjustment for preterm delivery and low birth weight had little influence on the associations between prenatal tobacco smoke exposure and respiratory outcomes.
Validity of results
We achieved a very high response rate due to strong support by the parents and teachers and this practically eliminates selection bias related to participation. Information on exposure to tobacco smoke was collected retrospectively and there is a possibility for both random and systematic errors. Maternal smoking during pregnancy was reported to be much lower (4%) compared to maternal smoking after the delivery (12 %). This could reflect problems in recall or cultural behavior to quit smoking during pregnancy. The latter alternative is supported by our similar findings in another Russian female population in Karelia, North-West Russia (J Jaakkola, unpublished observation), where smoking during pregnancy was 5% whereas the smoking was 25% when the child was at school. Observed associations between maternal smoking and low birth weight, which are consistent with previously published meta-analyses [1] and research reports [9] , support the validity of information on prenatal exposure indirectly. Given the nature of the study design we can not fully exclude the possibility of non-comparable exposure information from parents of ill and healthy children. We were able to adjust the effect estimates for several potential confounders.
Synthesis with previous knowledge
Only few previous studies have elaborated the relative contributions of prenatal and postnatal exposures to ETS on asthma [10, 11] , and chronic respiratory symptoms [11, 12] , and to our knowledge no studies have focused on respiratory infections or allergies.
Our findings on the stronger effect of prenatal exposure on asthma and wheezing compared with postnatal exposure are consistent with the results of a cross-sectional study of 11,500 8 to 11 years old children in 24 US and Canadian communities [11] . A recent cross-sectional study of 5 762 Californian school children [10] also provided evidence of the relative importance of prenatal exposure in development of asthma with a retrospective recording of in utero and previous postnatal and current exposure. In utero exposure to maternal smoking without subsequent postnatal exposure to ETS was related to the presence of asthma in 4 th , 7 th , and 10 th grade children with an adjusted odds ratio of 1.8 (95% CI 1.1 -2.9). In contrast, current or previous postnatal exposure to ETS was not associated with asthma risk, but the risk of lifetime wheezing was increased with an odds ratio of 1.3 (95% CI 1.1 -1.5). Lux and colleagues showed in a longitudinal study of 8561 English children that maternal smoking during pregnancy causes wheezing during the first 30 months of life independently from postnatal exposure [11] . A large population-based cohort study of 55,000 Finnish children estimated a 35% increased risk of asthma by the age of 7 years related to maternal smoking of over 10 cigarettes per day during pregnancy [9] . Similarly to the present study, maternal smoking was a strong determi- nant of both preterm delivery and low birth weight, and these adverse pregnancy outcomes were strong predictors of asthma, but practically none of the effect of maternal smoking on asthma was mediated via the pregnancy outcomes.
In the present study prenatal exposure had also a stronger effect on both lifetime and current chronic bronchitis compared with early life exposure and there was no association between current exposure and chronic bronchitis. To our knowledge this has not been reported before. However, the occurrence of upper respiratory infections during the previous year was related to early life exposure to ETS, but not to prenatal or current exposure.
Our results strengthen the evidence that also postnatal exposure to tobacco smoke increases the risk of asthma in childhood. The effect estimates for early-life exposure and exposure after the age of two were consistently elevated suggesting a 30% increase in risk, although there was no association between current exposure and asthma. The latter could be explained by avoidance of smoking in the presence of the child after the diagnosis of asthma. Unfortunately the number of children with prenatal exposure only was too small to get good estimates of the independent effect of prenatal exposure only. However the effect of both prenatal and postnatal exposure on asthma was much stronger (adjusted OR 3.48) than the effect of postnatal exposure only (adjusted OR 1.32), suggesting a synergistic effect of prenatal and postnatal exposures. There is evidence that maternal smoking in pregnancy reduces the fetal development of lung function [2] [3] [4] [5] [6] [7] , which may play a role in the susceptibility to the effects of exposure to environmental tobacco smoke after delivery. Maternal smoking in pregnancy may also have other effects increasing the susceptibility, including effects on development and maturation of the pulmonary immune system [17] leading to an increased bronchial reactivity in early childhood as shown by Young and colleagues [7] .
Early life exposure to ETS was a determinant of both any and respiratory allergy at school age. There was a weak non-significant association between prenatal exposure and respiratory allergy and no association with any allergy. There was also a weak positive association between current exposure and risk of any allergy. In their systematic review based on 36 relevant articles in 1998, Strachan and Cook [18] concluded that parental smoking, either before or immediately after birth, is unlikely to increase the risk of allergic sensitisation in children. In a Norwegian study, a negative association between prenatal smoking and childhood atopy was found, but rather than proposing a causal relation the investigators suggest that selective avoidance of smoking during pregnancy is an alternative explanation [19] .
Concluding remarks
This large epidemiologic study in Russian children confirms that smoking during pregnancy and in the presence of children is harmful for respiratory health increasing the risk of asthma, chronic bronchitis, and respiratory infections and possibly allergies. The results strengthen the evidence that the adverse effects of tobacco smoke on asthma, chronic bronchitis, and chronic respiratory symptoms are strongest when smoking takes place during pregnancy and stronger during early life compared with exposure in school age. Although maternal smoking reduces duration of gestation and fetal growth and these pregnancy outcomes predict respiratory illness, little of the effect of maternal smoking in pregnancy on respiratory health is mediated via preterm delivery and low birth weight. In conclusion, smoking in pregnancy and in the presence of children is among the most serious preventable hazards to children's health. 
